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ol of the switch using a second coil voltage induced at the
secondary coil of the inductor by mput voltage or a directly
sensed input voltage. Accordingly, distortion of input current
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POWER FACTOR CORRECTION CIRCUIT
FOR REDUCING DISTORTION OF INPUT
CURRENT

TECHNICAL FIELD

The present invention relates to a power factor correction
circuit for use 1n prevention of power loss invited by reactive
power 1n a switching mode power supply, and more specifi-
cally, to a power factor correction circuit, that can correct a
distortion of iput current in a conventional power factor
correction circuit.

BACKGROUND ART

Since a switching mode power supply (SMPS) that does
not employ a power factor correction circuit generates a
pulse-shaped mput current, high-order harmonic current
flows through transmission lines, and such current does not
contribute to power transmission and increases a loss in the
transmission lines, transformers and the like. For this reason,
the capacity of transmission lines, substations, and power
stations 1s relatively high as compared to a case where a power
factor correction circuit 1s used.

Accordingly, there 1s a movement in many countries to
regulate current harmonic recently, such as EN61000-3-2,
and a power factor correction circuit 1s used in many SMPSs
in order to satisiy the regulation. The SMPS 1s an apparatus
for converting an inputted supply voltage into one or more
direct current output voltages, which 1s used 1n most home
appliances such as computers, monitors, TV sets, and the like.
In such an SMPS, a power factor correction circuit 1s used
which corrects power factor by having input current follow
input voltage 1s used. That 1s, the power factor correction
circuit 1s a circuit that allows mnput current applied to the
outside to follow 1nput voltage and simultaneously converts
an nputted alternating current (AC) voltage 1nto a constant
direct current (DC) voltage.

Such a power factor correction circuit includes an inductor,
and there exists several modes depending on the state of the
current flowing through the inductor. A discontinuous con-
duction mode refers to a case where there exists a point where
the current flowing through the imnductor becomes zero and
thus the current 1s discontinuous, and a continuous conduc-
tion mode refers to a case where the current flowing through
the inductor 1s continuous without a point where the current
flowing through the inductor becomes zero. On the other
hand, a critical conduction mode refers to a mode operating at
a boundary point between the continuous conduction mode
and the discontinuous conduction mode, i1n which the current
flowing through the inductor increases immediately after the
current flowing through the inductor becomes zero. STL63561
1s the most well-known power factor correction circuit IC of
the critical conduction mode, and besides this, FAN7527B,
TDA4862, TDA4863, MC33260, MC33262, UC3832,
S(G6561, and the like are also power factor correction circuit
ICs of the critical conduction mode.

FIG. 1 1s a schematic circuit diagram showing a general
power factor correction circuit of a critical conduction mode,
and FIG. 2 1s a waveform chart showing iput current Iin
flowing into the power factor correction circuit, current I,
flowing through an inductor L1, voltage V ,, - applied to the
secondary coil N ., of the inductor, and a gating signal
inputted mnto a switch Qsw in the power factor correction
circuit of FIG. 1. FIG. 3 1s a view showing an input current
wavelorm where a current distortion phenomenon occurs 1n a
general power factor correction circuit shown in FI1G. 1. Here-
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2

inafter, described 1s the operation of a general power factor
correction circuit of a critical conduction mode and total
harmonic distortion (THD) that occurs at this point, with
reference to FIGS. 1 to 3.

Referring to FIG. 1, first, inputted alternating current volt-
age (AC) 1s Tull-wave rectified by a bridge diode BD, and the
tull-wave rectified voltage 1s sensed by resistors R1 and R2
and 1putted 1into an adder 20. The sensed full-wave rectified
voltage inputted into the adder 20 1s multiplied by the output
of an error amplifier AMP1 and inputted into the inverting
terminal (-) of a comparator CMP1. On the other hand, the
current tlowing through the switch Qsw 1s sensed by a resistor
Rcs, and the sensed voltage Vcs 1s mputted 1nto the non-
inverting terminal (+) of the comparator CMP1. The com-
parator CMP1 compares output of the adder 20 with output
voltage of the error amplifier AMP1 and outputs a signal for
turning oif the switch Qsw to the reset terminal R of the
tlip-flop 10 at a point where the current flowing through the
switch Qsw reaches a reference current outputted from the
adder 20. Accordingly, the tlip-tlop FF turns oif the switch
Qsw by outputting a low signal to the output terminal Q. If the
switch 1s turned off, the current of the inductor gradually
decreases, and the time point when the current of the inductor
becomes zero 1s sensed using the secondary coil N ,,-of the
inductor L1. If the time point when the current flowing
through the inductor L1 becomes zero 1s sensed through the
secondary coil N ., the set terminal S of the flip-flop 10
turns to a high signal, and thus the high signal 1s outputted to
the output terminal Q. Accordingly, the switch Qsw 1s turned
on. In this manner, the switch Qsw 1s turned on at the point
where the current flowing through the inductor L1 becomes
zero, and the switch Qsw 1s turned oif at the point where the
current flowing through the inductor L1 reaches the reference
current mputted into the mverting terminal (-) of the com-
parator CMP1. Therefore, the input current follows the input
voltage, and the power factor correction circuit operates in the
critical conduction mode.

If the method described above 1s used, i1deally, the 1nput
current should be 1n a sine wave, which 1s the same as the
shape of the mput voltage, by the power factor correction
circuit. However, since there exits a delay time taken to sense
a point where the current tlowing through the inductor L1
becomes zero (hereinatfter, referred to as a Be«ero current sens-
ing delay time?, the input current 1s not rendered to be 1n a
perfect sinusoidal shape. Most of power factor correction
circuits of a critical conduction mode sense a point where the
current flowing through the inductor L1 becomes zero
through the secondary coil N ,, - of the inductor as shown in
FIG. 1. However, 1n this case, there exists a delay time until
the switch (Qsw 1s turned on aiter the current I, ; of the induc-
tor L1 becomes zero, 1.e. the zero current sensing delay time,
as shown 1 FIG. 2. When the switch Qsw 1s turned on, the
current I,, increases at a linear slope, and at this point, the
voltageV ,, .-applied to the secondary co1l N ,, ..ot the induc-
tor becomes —n*Vin (here, n denotes a turn ratio of a trans-
former). On the other hand, when the switch Qsw 1s turned
off, the current I,, decreases at a negative slope, and the
voltage V ,,~-becomes n*(Vout—Vin). At this point, although
the switch Qsw should be turned on at the point where the
current I, becomes zero, since resonance 1s formed between
the junction capacitor Coss of the MOSFET used as the
switch Qsw and the inductor L1, the current I, , decreases to
a negative value. It 1s since that voltage of the capacitor Coss
becomes Vout when the switch Qsw 1s turned off and Vout 1s
generally set to be higher than Vin. Therelfore, since electric
charge charged in the capacitor Coss 1s discharged through
the inductor L1 11 the current of the inductor becomes zero
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and the output diode D1 1s turned off, the current I, of the
inductor decreases to a negative value. Here, the capacitor

Coss connected to the switch Qsw 1n parallel 1s a junction
capacitor of a MOSFET, and the diode Db 1s a body diode. At
the point where the capacitor Coss 1s discharged by resonance 5
current and thus the voltage V ,, - 1s decreased to be lower
than the reference voltage Vth, a high signal 1s mputted into
the set terminal S of the tlip-flop 10, and the switch Qsw 1s
turned on.

Due to the operation of the zero current sensing circuit, the 10
current of the inductor does not increase immediately after
becoming zero, but increases aiter flowing as a negative cur-
rent. Therefore, as shown 1n FIG. 2(a), there exists a zero
current sectiont__,_ 1nthe input current I1in of the power factor
correction circuit, and thus, the average value of the mput 15
current 1s decreased. On the other hand, the peak value 1,
of the negative current establishes the relation shown in Equa-

tion 1.

20
Vour — Vin |Equation 1]

Ll
CE-'SS

InEG o

25

In Equation 1, Vout denotes an output voltage, and Vin
denotes a full-wave rectified mput voltage. As 1s known from
Equation 1, the peak value 1, of negative current 1s propor-
tional to the difference between the output voltage Vout and
the iput voltage Vin. Since the inductor L1 and the capacitor 30
Coss have a fixed value and the output voltage Vout 1s a fixed
value, the negative output current I, - 1s inverse proportional
to the mput voltage Vin. Accordingly, as the input voltage Vin
1s lowered, the current I,, 1s further lowered to a negative
value. That 1s, the peak value I, of negative current 1s 35
turther increased at the point where the input voltage Vin
passes zero voltage, and the time taken to reach the zero
current from the negative current 1s increased when the switch
1s turned on again. Accordingly, zero crossing distortion
occurs 1n the mput current around the zero current as shownin 40
FIG. 3. On the other hand, the input current shown in FIG. 3
1s current before rectification.

U.S. Pat. No. 6,128,205 1s a prior art for improving such
distortion. U.S. Pat. No. 6,128,205 discloses a method of
moditying information on rectified input voltage, which acts 45
as a reference for turning oif a switch, 1 order to further
increase the current I, , flowing through the inductor L1 at the
point where the iput voltage becomes zero. That 1s, the
voltage applied to resistor R2 1s clamped through an addi-
tional circuit and 1inputted into the adder 20 as shown in FIG. 50
1. With the rectified mput voltage that 1s modified as
described, the distortion occurring around the point where the
input current becomes zero 1s corrected. However, such a
prior art needs an additional circuit (including a plurality of
resistors or the like) 1n order to modily the rectified mput 55
voltage and thus has a problem 1n that a large amount of cost
1s required and power 1s consumed by the plurality of resis-
tors.

A method described 1n application note AN161 of STMi-
croelectronics 1s another conventional method, which 1s a 60
method of adjusting turn-on time of a switch based on an
input voltage using the second coil voltage V ;.- when the
switch 1s turned on. In this method, since the second coil
voltage V ,, - 1s proportional to the input voltage when the
switch 1s turned on, after storing information on the input 65
voltage 1n C2, a negative offset voltage ((-) Offset), which 1s
proportional to the peak voltage of the iput voltage Vin, 1s

4

added to the switch current detection voltage Vcs and con-
nected to the non-mverting terminal of the comparator CMP1.
Since the voltage 1s increased from zero 11 the negative offset
voltage 1s not added, turn-on time of the switch becomes
T,n 4,nregionAand T, 5, Inregion B as shown 1n FIG.
5. However, if the negative offset voltage is added, although
the switch current detection voltage Vs 1s increased from the
same negative voltage, the slope of the switch current detec-
tion voltage Vc¢s 1s proportional to the input voltage Vin, and
thus the turn-on time increased by the negative offset voltage
becomes T, ,,1nregion A and T, z, 1nregion B. There-
fore, the time increased in region A 1s further larger than the
time increased 1n region B, and thus the current distortion
phenomenon 1s corrected by increasing the input current in
region A with the turn-on time increased as such. However,
this method also has a problem 1n that a plurality of elements
1s needed and thus cost 1s increased.

The prior arts described above are related to a circuit using,
a current mode control method (current mode PWM) that
determines a turn-oil time point of a switch by detecting
current of the switch, among presently used power factor
correction circuits.

Recently, frequently used 1s a power factor correction cir-
cuit using a voltage mode control method (voltage mode
PWM) that determines a turn-oif time point of a switch with-
out detecting current of the switch as shown 1n FIG. 6. Since
the voltage mode control method does not need information
on 1nput voltage unlike the current mode control method, an
input voltage detection circuit (R1 and R2 1n FIGS. 1 and 4)
1s not needed, and thus 1t 1s advantageous 1n that loss of power
can be reduced.

The circuit operates 1n a method of generating a linearly
increasing ramp signal by a ramp generator after a switch 1s
turned on, comparing the ramp signal with the control voltage
Vctrl of the output voltage controller AMP1, and turning oif
the switch 1f the ramp signal becomes equal to the control
voltage Vctrl of the output voltage controller AMP1. The zero
current sensing circuit and 1ts operating method are the same
as those of the power factor correction circuit of the current
mode control method. If the power factor correction circuit
operates as described, turn-on time of the switch does not
change depending on the input voltage, but 1s constantly
maintained as shown i FIG. 7, and power factor can be
controlled.

However, the power factor correction circuit of the voltage
mode control method also has the same problem of occurring
distortion of input current as shown in FIG. 3 due to zero
current sensing delay time.

DISCLOSURE
Technical Problem

Accordingly, the present invention has been made 1n order
to solve the above problems, and it 1s an object of the mnven-
tion to provide a power factor correction circuit, in which
distortion of mput current can be reduced 1n a circuit that
employs a voltage mode control scheme among power factor
correction circuits of a critical conduction mode, without an
additional circuit such as a plurality of resistors.

Technical Solution

In order to accomplish the above object of the 1nvention,
according to one aspect of the invention, there 1s provided a
power factor correction circuit provided with a boost circuit
including a first inductor which 1s electrically connected at a
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first end thereot to an mput terminal and 1s electrically con-
nected at a second end thereot to a switch, the power factor
correction circuit comprising: a second coil coupled with the
first inductor for allowing a second coil voltage to be induced
by the first inductor; and a switching control unit for recetving,
the second coil voltage and an output voltage of an output
terminal of the power factor correction circuit and adjusting a
turn-on period of the switch by generating a signal for turning,
on and off the switch.

At this point, the switching control unit turns on the switch
using the second coil voltage when the current flowing
through the first inductor becomes zero from positive and, in
turning oif the switch after the switch 1s turned on, recerving,
a first control voltage corresponding to the output voltage of
the output terminal, generating a second control voltage by
adjusting the wavetorm of the first control voltage using an
input sensing voltage, 1.¢., the second coil voltage or the input
voltage of the input terminal, comparing the second control
voltage created as such with a certain reference voltage, and
turning off the switch at a time point when the second control
voltage becomes equal to the reference voltage.

In addition, 1n the present invention, other than the method
of adjusting a turn-oil time point by modifying the first con-
trol voltage as described above, the switching control unit can
be configured to generate a turn-oif reference voltage by
adjusting a wavelorm of a certain reference voltage, such as a
ramp wavelorm voltage, using the second coil voltage (or an
input sensing voltage that 1s the detected imnput voltage of the
input terminal), compare the turn-off reference voltage gen-
erated as such with a first control voltage corresponding to the
output voltage of the output terminal of the power factor
correction circuit, and turn off the switch at a time point when
the first control voltage becomes equal to the turn-off refer-
ence voltage.

That 1s, 1n order to solve the problem of distortion of an
input current wavelorm and degradation of power factor 1n a
conventional power factor correction circuit, which occurs as
the input voltage 1s increased, the present invention 1s config-
ured to vary turn-on time of the switch by adjusting output
voltage of an error amplifier of the power factor correction
circuit depending on information on the mnput voltage.

.

‘ects

Advantageous E

According to the present invention configured as described
above, a second coil voltage induced at the secondary coil by
input voltage 1s used, or the input voltage 1s directly sensed,
and then turn-on time of a switch 1s differently set depending
on the input voltage 1n order to correct distortion of 1nput
current, and thus 1t 1s effective in that power factor of input
current can be improved.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic circuit diagram showing a circuit that
employs a current mode control method among general
power factor correction circuits of a critical conduction mode.

FIG. 2 1s a waveform chart showing an input current, a
current flowing through an inductor, a voltage applied to the
secondary coil of the inductor, and a gating signal imputted
into a switch in the power factor correction circuit of FIG. 1.

FIG. 3 1s a wavelorm chart showing mput current 1n the
general power factor correction circuit shown in FIG. 1.

FI1G. 4 1s a circuit diagram showing a power factor correc-
tion circuit of the prior art for reducing an input current
distortion phenomenon of the circuit shown 1n FIG. 1.
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FIG. § 1s a diagrammatic view illustrating the operation of
the circuit shown in FIG. 4 1n detail.

FIG. 6 1s a circuit diagram schematically showing a circuit
that employs a voltage mode control method among general
power factor correction circuits of a critical conduction mode.

FIG. 7 1s a wavelorm chart showing an input voltage, an
output voltage of an output voltage controller, an ramp volt-
age, and a gating signal mputted into a switch in the power
factor correction circuit of FIG. 6.

FIG. 8 15 a circuit diagram showing a power factor correc-
tion circuit according to a first embodiment of the present
invention.

FIG. 9 1s a view showing the control voltage modifier of
FIG. 8 1n detail.

FIG. 10 1s a view showing another embodiment of the
control voltage modifier of FIG. 8.

FIG. 11 1s a wavelorm chart showing a variety of wave-

forms that can be generated from the wavelorm generator of
FIG. 9.

FIG. 12 1s a wavelorm chart showing an mput voltage, an
output voltage of the control voltage modifier, aramp voltage,
and a gating signal inputted into a switch when output of the
wavelorm generator 1s proportional to input voltage in FI1G. 8.

FIG. 13 1s a wavetorm chart showing turn-on times accord-
ing to the control voltage modifier shown 1n FIG. 9 and the
control voltage modifier shown 1n FIG. 9a when a first control
voltage 1s low.

FIG. 14 1s a wavetorm chart showing an input voltage, an
output voltage ol the control voltage modifier, aramp voltage,
and a gating signal inputted into a switch when output of the
wavelorm generator 1s proportional to input voltage during
the turn-on period of the switch in FIG. 8.

FIG. 15 1s a wavetorm chart showing an input voltage, an
output voltage of the control voltage modifier, aramp voltage,
and a gating signal inputted into a switch when output of the
wavelorm generator 1s a ramp wavetform having a slope that 1s
proportional to input voltage 1n FIG. 8.

FIG. 16 1s a wavelorm chart showing a variety of wave-
forms of the waveform generator of FIG. 15.

FIG. 17 1s a circuit diagram showing a power factor cor-
rection circuit according to a second embodiment of the
present invention.

FIG. 18 1s a circuit diagram showing a power factor cor-
rection circuit according to a third embodiment of the present
invention.

FIG. 19 1s a wavetorm chart showing an input voltage, an
output voltage of the output voltage controller, an output
voltage of an adder, and a gating signal inputted into a switch
when output of the waveform generator 1s proportional to
input voltage 1n FIG. 18.

FIG. 20 1s a wavetorm chart showing an input voltage, an
output voltage of the output voltage controller, an output
voltage of the adder, and a gating signal inputted 1into a switch
when output of the wavelorm generator 1s proportional to
input voltage during the turn-on period of the switch in FIG.

18.

FIG. 21 1s a wavelorm chart showing an mput voltage, an
output voltage of the output voltage controller, an output
voltage of the adder, and a gating signal inputted 1into a switch
when output of the wavelform generator 1s a ramp waveform
having a slope that 1s proportional to input voltage in FI1G. 18.

FIG. 22 1s a view showing a power factor correction circuit
according to a fourth embodiment of the present invention.



US 8,320,144 B2

* Explanation on reference numerals of main elements of the drawings *

100, 200, 300, 400: switching control unit

10: flip-flop
40: ramp generator
50: control voltage modifier
51, 60: waveform generator
52, 210: adder
MODE FOR INVENTION

Hereinafter, the preferred embodiments of the present
invention will be described 1n detail with reference to the
accompanying drawings. Furthermore, 1n the drawings 1llus-
trating the embodiments of the invention, portions which are
not related with the description have been omitted for the sake
of clarity. Elements having the same or like functions will be
denoted by the same or like reference numerals without using
separate reference numerals.

FI1G. 8 1s a circuit diagram showing a power factor correc-
tion circuit according to a first embodiment of the present
invention. As shown in FIG. 8, the power factor correction
circuit according to the first embodiment of the present inven-
tion comprises a bridge diode BD, an inductor L1, a switch
Qsw, a boost circuit configured with a diode D1 and a capaci-
tor C1, and a switching control unit 100. Hereinafter, the
inductor L1, the switch Qsw, the diode D1 and the capacitor
C1 are inclusively referred to as a boost circuit for the con-
venience ol explanation.

The bridge diode BD rectifies inputted alternating current
AC voltage and outputs a full-wave rectified voltage Vin. The
switching control unit 100 recerves a sensed output voltage
Vsense and a second coil voltage V , .- induced at a second
coil N ,, -, which 1s the secondary coil of the inductor 1, and
generates a control signal for controlling turn-on/turn-oif of
the switch Qsw. The switch Qsw 1s turned on and turned off by
the control signal of the switching control unit 100, and a
constant direct current voltage Vout 1s outputted to the capaci-
tor C1 of the boost circuit. Here, the power factor correction
circuit according to the first embodiment of the present inven-
tion differently sets the turn-on period of the switch Qsw
depending on the mput voltage Vin using the fact that the
secondary coil voltage becomes n*Vin when the switch Qsw
1s turned on as shown 1n FI1G. 2(c¢), thereby correcting distor-
tion of mput current, and the detailed method thereot will be
described below. Since the full-wave rectified voltage Vin 1s a
tull-wave rectified value of the inputted alternating current
(AC) voltage, the alternating current (AC) voltage has the
same magnitude as that of the full-wave rectified voltage Vin,
and thus, hereinafter, the terminology Emput voltage? 1s used
as a meaning of a full-wave rectified voltage Vin.

In addition, the power factor correction circuit according to
the embodiment of the present invention may further com-
prise resistors R3 and R4 for sensing an output voltage Vout in
order to feed back the output voltage Vout. The resistors R3
and R4 are connected to each other 1n a series between one
end of the capacitor C1 and the ground, and a sensed output
voltage Vsense applied to the resistor R4 1s inputted into the
switching control unit 100. On the other hand, in the present
invention, although the output voltage inputted into the
switching control unit 100 may be the output voltage Vout
itsell of the output terminal of the power factor correction
circuit, 1t may be a voltage distributed by the resistors R3 and
R4 and corresponding to the output voltage of the output
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terminal, and 1n the present invention, an output voltage 1s
used as a meaning that includes the two cases described
above.

In the boost circuit, one end of the inductor L1 1s connected
to the output of the bridge diode BD, and the other end 1s
connected to the anode of the diode D1. The cathode of the
diode D1 1s connected to one end of the capacitor C1, and the
other end of the capacitor C1 1s connected to the ground. The
drain terminal of the switch Qsw 1s connected to the contact
point of the inductor L1 and the diode D1, the source terminal
1s connected to the ground, and the gate terminal 1s connected
to the output terminal of the switching control unit 100. Then,
the second coil N ,, .- forms a transformer together with the
inductor L1 and allows voltage induced by the inductor L1 to
be inputted 1nto the switching control unit 100. Through the
connection of such a transformer provided with the secondary
coil, the second coil N ,,,,-1s used to sense a point where the
current I,, flowing through the inductor L1 becomes zero,
and the second coil voltage V ;- 1s inputted into the switch-
ing control unit 100.

Here, 1n the first embodiment of the present invention,
using the fact that the voltage applied to the inductor L1
becomes Vin when the switch Qsw 1s turned on, and accord-
ingly, the second coil voltage V ,, - induced at the secondary
coil N .~ becomes —n*Vin (here, n denotes a turn ratio of a
transformer), the second coil voltage V ,, »-1s used to turn on
the switch Qsw and to adjust the turn-on period of the switch
Qsw as well. On the other hand, a comparator CMP2 1is
connected between the second coil voltage V ,, .- and the set
terminal S of the flip-flop FF and generates a signal for turn-
ing on the switch when the second coil voltage V ,, »-1s lower
than a reference voltage Vth. On the other hand, a sensing
resistor Rsense for sensing the current flowing through the
switch Qsw 1s connected between the source terminal of the
switch Qsw and the ground. On the other hand, although the
switch Qsw 1s shown as a MOSFET 1n FIG. 8, the present
invention 1s not limited to this, but another switching element
such as a bipolar transistor or the like can be used. In addition,
the capacitor Coss and the diode Db connected to the drain
and source terminals of the switch Qsw 1n parallel respec-
tively represent the junction capacitance and the body diode
of the MOSFET.

The switching control unit 100 of the power factor correc-
tion circuit according to the first embodiment of the present
invention comprises a flip-tlop 10, an output voltage control-
ler AMP1, a control voltage modifier 50, a first comparator
CMP2, a second comparator CMP4, and a ramp generator 40.

A reference voltage Vref 1s inputted into the non-inverting
terminal (+) of the output voltage controller AMP1, and a
sensed output voltage Vsense 1s mputted into the mverting
terminal (-). The output voltage controller AMP1 compares
the two voltages and outputs a first control voltage Vctrl in
order to control the output voltage of the power factor correc-
tion circuit to a desired voltage. The second coil voltage V ., -
and the first control voltage Vctrl are inputted into the control
voltage modifier 50, adjusted by the control voltage modifier,
and outputted as a second control voltage V ;. Then, the
second control voltage V .., ,outputted from the control volt-
age modifier 50 1s mputted into the mverting terminal (-) of
the second comparator CMP4, and a ramp wavelform voltage
generated from the ramp generator 40 1s inputted into the
non-inverting terminal (+). The second comparator CMP4
compares the two mputs and outputs a high signal to the reset
terminal R of the flip-tlop 10 at a point where the ramp
wavelorm voltage becomes the second control voltage V -, ,
of the control voltage modifier 50. It the high signal 1s input-
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ted into the reset terminal R of the flip-flop 10, a low signal 1s
outputted from the output terminal Q of the flip-tlop 10, and
the switch Qsw 1s turned off.

Here, a point where the current flowing through the induc-
tor L1 becomes zero 1s sensed through the second coil N ;.
1.€., the secondary coil of the inductor L1, as described above.
That 1s, when the first comparator CMP2 senses a point where
the current flowing through the inductor L1 becomes zero
through the second co1l N ,, ,-as the second coil voltage V , .-
drops below a certain first reference voltage V ,, the set ter-
minal S of the flip-tflop 10 turns to a high signal, and the high
signal 1s outputted from the output terminal Q. Accordingly,
the switch Qsw 1s turned on. In this manner, according to the
power factor correction circuit of the present invention, the
switch Qsw 1s turned on at the point where the current flowing
through the inductor L1 becomes zero, and the second com-
parator CMP4 outputs a high signal at the point where the
output voltage V., of the control voltage modifier 50
becomes a ramp wavelorm voltage Vramp, and the switch 1s
turned off.

On the other hand, according to the major technical fea-
tures of the first embodiment of the present invention, 1n the
present embodiment, the control voltage modifier 50 gener-
ates a second control voltage Vcvm by moditying the first
control voltage Vctrl of the output voltage controller AMP1
depending on the second coil voltage V ;- and adjusts the
turn-on period by controlling the turn-oil of the switch using,
the second control voltage Vcvm adjusted as such, in order to
correct distortion of input current. Hereinafter, such an opera-
tion will be described 1n detail with reference to the accom-
panying FIGS. 9, 11, 12 and 14. That 1s, since the voltage
V ,~1nduced at the second co1l N, .-when the switch Qsw 1s
turned on has information on the input voltage Vin, the con-
trol voltage modifier 50 receives the second coil voltage V ,; +-
in order to obtain the information on the input voltage Vin and
sets the first control voltage Vctrl of the output voltage con-
troller AMP1 to have another voltage depending on the input
voltage Vin using the second coil voltage V ;.. which will be
described hereinatter.

FIG. 9 1s a view showing an example of the internal con-
figuration of the control voltage modifier 50 according to the
first embodiment of the present invention. As shown in FI1G. 9,
the control voltage modifier 50 according to the embodiment
ol the present invention comprises a wavelorm generator 51
for generating a wavetform that changes 1n correspondence to
the second coil voltage V ,,»-and an adder 52 for subtracting
output voltage V ;. of the wavelorm generator 51 from the
first control voltage Vctrl of the output voltage controller
AMP1. Output of the adder 52 1s inputted into the inverting,
terminal of comparator CMP4 and 1s compared with a ramp
voltage Vramp inputted into the non-inverting terminal in
order to determine a turn-off time point of the switch.

FI1G. 11 shows various wavetorms of output voltage V ;.- of
the wavetorm generator 51 depending on mnput voltage Vin.
FIGS. 11(a), (b), (c), and (d) respectively show an input
voltage Vin, a case where output voltage of the waveform
generator 51 1s proportional to the input voltage V ;- , a case
where output voltage of the wavetform generator 51 1s pro-
portional to the input voltage during the switch turn-on period
V.-, and a case where output voltage of the wavelorm
generator 31 1s a ramp wavelorm having a slope that 1s pro-
portional to the input voltage during the switch turn-on period

VWG3‘
FIGS. 12 to 15 are wavelorm charts respectively showing

wavelorms of the second control voltage V., generated
from the control voltage modifier 50 and the ramp voltage
Vramp, together with turn-on periods of the switch Qsw, in
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order to describe the process of performing turn-on and turn-
off operations of the switch for each of outputs V.. of the
wavelorm generator 51 shown in FIG. 11. First, FIG. 12
shows turn-on/turn-off operations of the switch in the case
where the output voltage V ;.- of the wavetform generator 51
1s proportional to the mput voltage as shown in FIG. 11, 1n
which FIGS. 12(a), (b), (c), and (d) respectively show an
input voltage Vin, a first control voltage Vctrl and a second
control voltage V ..., . of the control voltage modifier 50, an
output voltage Vramp of the ramp generator 40, and a gating
signal inputted 1nto the switch.

In this case, as shown 1n FIG. 11(b), since output voltage
V 1 01 the wavelorm generator 51 1s proportional to the input
voltage Vin, the second control voltage V .., , outputted from
the control voltage modifier 50 becomes a wavelorm shown
in FI1G. 12(b), and since the comparator CMP4 compares the
second control voltage V ., , with the output voltage Vramp
of the ramp generator 40, switch turn-on time of the gating
signal changes depending on the input voltage as shown 1n
FIG. 12(d).

That 1s, since the second control voltage V .., , outputted
from the control voltage modifier 50 1s lowered and meets the
ramp voltage Vramp earlier as the input voltage Vin 1s higher,
turn-on time of the switch i1s decreased as shown in FIG.
12(d). In addition, since the second control voltage V .,
generated and outputted from the control voltage modifier 50
he ramp voltage Vramp later as the

1s increased and meets t
input voltage approaches zero, the turn-on time of the switch
1s extended as shown 1n FIG. 12(d). Therefore, 1t 1s under-
stood that the turn-on period of the switch Qsw 1s changed
depending on the magnitude of the input voltage Vin as shown
in FI1G. 12(d). That 1s, the turn-on period of the switch Qsw 1s
long when the input voltage Vin 1s low, and the turn-on period
of the switch Qsw 1s short when the 1input voltage Vin 1s high.
Accordingly, when the mput voltage Vin 1s low, the turn-on
period of the switch Qsw 1s extended, and thus the current
flowing through the inductor L1 1s increased, and the mput
current Iin 1s increased. Therefore, distortion of input current
occurring around zero input voltage (zero crossing distortion)
can be reduced, and thus power factor 1s improved.

FIG. 14 shows wavelorms 1n the case where output voltage
V ... of the waveform generator 1s proportional to the input
voltage when the switch 1s turned on as shown 1n FIG. 11.
FIGS. 14(a), (b), (c¢), and (d) respectively show an input
voltage Vin, an output voltage V ;- , of the control voltage
modifier 50, an output voltage Vramp of the ramp generator
40, and a gating signal inputted into the switch. As shown 1n
FIG. 11(c¢), since output voltage V ;.- of the wavelorm gen-
erator 1s proportional to the input voltage Vin when the switch
1s turned on, the second control voltage V ;. , outputted from
the control voltage modifier 50 becomes a wavetorm shown
in F1G. 14(b), and since the comparator CMP4 compares the
second control voltage V ;, , with the output voltage Vramp
of the ramp generator 40, switch turn-on time of the gating
signal changes depending on the mput voltage.

That 1s, since the output voltage V ..., , of the control volt-
age modifier 50 1s lowered and meets the ramp voltage Vramp
carlier as the 1input voltage Vin 1s higher, turn-on time of the
switch 1s decreased as shown in FIG. 14(d). In addition, since
the output voltage V -, .01 the control voltage modifier 50 1s
increased and meets the ramp voltage Vramp later as the input
voltage approaches zero, the turn-on time of the switch 1s
extended as shown 1n FI1G. 14(d). Therefore, it 1s understood
that the turn-on period of the switch Qsw 1s changed depend-
ing on the magnitude of the input voltage Vin as shown in FI1G.
14(d). That 1s, the turn-on period of the switch Qsw 1s long
when the mput voltage Vin 1s low, and the turn-on period of
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the switch Qsw 1s short when the input voltage Vin 1s high.
Accordingly, when the mput voltage Vin 1s low, the turn-on
period of the switch Qsw 1s extended, and thus the current
flowing through the inductor L1 1s increased, and the input
current Iin 1s increased. Therefore, distortion of input current
occurring around zero input voltage (zero crossing distortion)
can be reduced, and thus power factor 1s improved.

FIG. 15 shows waveforms 1n the case where output voltage
V. of the wavelorm generator 1s a ramp wavelorm having a

slope proportional to input voltage when the switch 1s turned
on as shown in FIG. 11. FIGS. 15(a), (), (¢), and (d) respec-

tively show an 1nput voltage Vin, a second control voltage
V ~1a, Outputted from the control voltage modifier 50, an
output voltage Vramp of the ramp generator 40, and a gating
signal mputted into the switch. As shown 1n FIG. 11(d), since
output voltage V ;- of the waveform generator 51 1s a ramp
wavelorm having a slope proportional to the mput voltage,
the second control voltage V ., , outputted from the control
voltage modifier 50 becomes a waveform as shown 1n FIG.
15(b), and since the comparator CMP4 compares the second
control voltage V .., , with the output voltage Vramp of the
ramp generator 40, switch turn-on time of the gating signal
changes depending on the mput voltage.

That 1s, as shown 1n FIG. 15(d), since the second control
voltage V -, , o1 the control voltage modifier 50 decreases at
a steep slope and meets the ramp voltage Vramp as the input
voltage 1s higher, turn-on time of the switch 1s decreased. In
addition, since the output voltage V -, .01 the control voltage
modifier 50 decreases at a gentle slope and meets the ramp
voltage Vramp as the input voltage approaches zero, the turn-
on time of the switch 1s extended. Therefore, 1t 1s understood
that the turn-on period of the switch Qsw 1s changed depend-
ing on the magnitude of the mnput voltage Vin as shown in FIG.
15(d). That 1s, the turn-on period of the switch Qsw 1s long
when the mput voltage Vin 1s low, and the turn-on period of
the switch Qsw 1s short when the input voltage Vin 1s high.
Accordingly, when the mput voltage Vin 1s low, the turn-on
period of the switch Qsw 1s extended, and thus the current
flowing through the inductor L1 1s increased, and the input
current Iin 1s increased. Therefore, distortion of input current
occurring around zero mput voltage (zero crossing distortion)
can be reduced, and thus power factor 1s improved.

Then, the wavetorm of FIG. 11(d) may be increased lin-
carly as shown 1n FIG. 16(a) or may be increased non-linearly
as shown i FIGS. 16(d) and (¢).

On the other hand, 1n the internal configuration of the
control voltage modifier 50 described above, although the
input signal inputted into the wavetorm generator 51 may be
only one, 1.e., the second coil voltage V ,, --as shown 1n FIG.
9, 1t 1s further preferable to configure the control voltage
modifier to recerve the first control voltage Vctrl of the output
voltage controller AMP1 together with the second coil volt-
ageV ,,--as shown in the example of FIG. 10, 1in the aspect of
preventing distortion of input current.

Describing this in further detail, as shown 1n FIG. 9, since
output voltage V ... of the waveform generator 51 does not
change depending on the load 11 the output voltage V.- 1s
proportional only to the second coil voltage V ,, ., the switch
turn-on time severely fluctuates and brings about distortion of
input current depending on AC mput voltage 11 the first con-
trol voltage Vctrl 1s considerably low. That 1s, switching turn-
on time at the point of peak input voltage Vin 1s almost double
the turn-on time at the point of becoming zero (zero crossing)
if the first control voltage Vctrl 1s sulliciently high as shown in
FIG. 11. However, when the first control voltage Vctrl 1s
considerably low as shown 1n FIG. 13(a), difference between
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the switching turn-on times 1s increased more than 3 or 4
times, and thus distortion of input current can be occurred.

However, 1f output voltage V ;.- of the wavelorm generator
51 1s changed depending on the first control voltage Vctrl of
the output voltage controller AMP1, as well as on the second
coil voltage V ;- as shown 1n FI1G. 10, the ratio between the
switch turn-on times can be constantly maintained regardless
of whether the first control voltage Vctrl 1s high or low as
shown m FIG. 13(d), and thus it 1s advantageous in that
distortion of mput current that may occur when the first con-
trol voltage Vctrl 1s low can be prevented.

On the other hand, as can be understood from the explana-
tion described above, when the second control voltage V -,
outputted from the control voltage modifier 50 determines the
switch turn-on period, only the wavetorm of the switch turn-
on period contributes to the determination of the turn-on
period of the switch, and the waveform of the switch turn-oif
period of the second control voltage V -, ,does not contribute
to the determination of the turn-on period of the switch.
Theretfore, the wavetorm of the switch turn-oif period of the
second control voltage V -, ,outputted from the control volt-
age modifier 50 may have an arbitrary waveform.

Hitherto, a method has been described which reduces dis-
tortion of mput current, 1n which information on the input
voltage Vin 1s not directly obtained, but through the second
coil voltage V ,,~. and the first control voltage Vctrl of the
output voltage controller AMP1 1s adjusted depending on the
input voltage 1n order to reduce the distortion of the input
current. Heremafter, another method of correcting distortion
of input current will be described below, in which input volt-
age Vin 1s directly detected, and turn-on time of the switch
Qsw 1s modified by adjusting the control voltage Vctrl of the
output voltage controller AMP1 depending on the mput volt-
age.

FIG. 17 1s a circuit diagram showing a power factor cor-
rection circuit according to a second embodiment of the
present mvention. As shown i FIG. 17, the power factor
correction circuit according to the second embodiment of the
present mvention directly obtains information on the input
voltage through an input voltage detection circuit 310 1n order
to adjust output voltage V ., , of the control voltage modifier
50 depending on the mnput voltage Vin. An input sensing
voltage Vin_s detected and outputted by the input voltage
detection circuit 310 1s inputted 1nto the control voltage modi-
fier 50, and a second control voltage V -4, 1s generated and
outputted as shown 1n FIGS. 12, 14 and 135 1n the same manner
as described 1n the first embodiment. Since the first and sec-
ond embodiments are different only in the method of obtain-
ing information on the mput voltage Vin, 1n which the inifor-
mation 1s obtained from the second coil voltage V ;.- (the first
embodiment) or directly obtained by the input voltage detec-
tion circuit 310 (the second embodiment), and the other por-
tions are the same, detailed description thereof will be omut-
ted. That 1s, the operation method according to the input
voltage 1s the same as shown1n FIGS. 12,14 and 15 of the first
embodiment.

A method of adjusting the control voltage Vctrl of the
output voltage controller AMP1 depending on information on
iput voltage Vin 1s described above. Hereinafter, another
method of correcting distortion of mput current will be
described, in which turn-on time of the switch Qsw 1s modi-
fied by adjusting ramp voltage Vramp, 1.e., a reference volt-
age, depending on mformation on the input voltage Vin.

As shown 1n FIG. 18, the power factor correction circuit
according to the third embodiment of the present invention
receives a second coil voltage V ;- Irom the wavetorm gen-
erator 60, obtains information on the mnput voltage Vin, gen-
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erates a wavelorm corresponding to the input voltage Vin, and
generates a turn-off reference voltage V ,, by adding output
voltage V ;.- of the wavetform generator 60 to output voltage
Vramp of the ramp generator 40 through the adder 210. Since
the output voltage V.., of the wavelorm generator 60
increases as the mput voltage Vin 1s increased, output voltage
V ,, of the adder 210 meets the first control voltage Vctrl of
the output voltage controller AMP1 further earlier as the input
voltage Vin increases, and thus switch turn-on time 1s short-
ened. Theretfore, distortion of input current can be reduced by
extending the turn-on time when the input voltage low and
reducing the turn-on time when the input voltage high.

FIG. 19 shows waveforms 1n the case where output voltage
V..o of the wavetorm generator 60 1s proportional to the
input voltage as shown 1in FIG. 11 (5). FIGS. 19(a), (b), (¢),
and (d) respectively show an input voltage Vin, a first control
voltage Vcirl of the output voltage controller AMP1, an out-
put voltage V ,, of the adder 210, and a gating signal inputted
into the switch. As shown in FI1G. 11(5), since output voltage
Vo 0f the wavelorm generator 60 1s proportional to the
input voltage Vin, a turn-off reference voltage V ,, generated
from adding the ramp voltage Vramp to the output voltage
V.-, of the wavetorm generator 60 by the adder 210
becomes the wavetorm shown 1n FIG. 19(b), and since the
turn-oil reference voltage V ,, 1s compared with the first con-
trol voltage Vctrl of the output voltage controller AMP1,
switch turn-on time of the gating signal 1s changed depending
on the mput voltage.

That 1s, since the offset voltage 1s increased at the turn-off
reference voltage V ,, outputted from the adder 210 and the
turn-oil reference voltage V ,, meets the control voltage Vcirl
of the output voltage controller AMP1 earlier as the mput
voltage 1s higher, turn-on time of the switch 1s decreased as
shown 1n FIG. 19(d). In addition, since the offset voltage 1s
lowered at the turn-off reference voltage V ,, and the turn-off
reference voltage V ,, meets the control voltage Vctrl of the
output voltage controller AMP1 later as the mput voltage
approaches zero, the turn-on time of the switch 1s extended as
shown 1 FIG. 19(d). Theretfore, 1t 1s understood that the
turn-on period of the switch Qsw 1s changed depending on the
magnitude of the input voltage Vin as shown i FIG. 19(d).
That 1s, the turn-on period of the switch Qsw 1s long when the
input voltage Vin 1s low, and the turn-on period of the switch
(Osw 1s short when the input voltage Vin 1s high. Accordingly,
when the 1mput voltage Vin 1s low, the turn-on period of the
switch Qsw 1s extended, and thus the current flowing through
the inductor L1 1s increased, and the input current Iin 1s
increased. Therefore, distortion of mput current occurring
around zero input voltage (zero crossing distortion) can be
reduced, and thus power factor 1s improved.

FI1G. 20 shows wavetorms 1n the case where output voltage
V a0 0f the wavelorm generator 60 1s proportional to input
voltage when the switch 1s turned on as shown 1n FIG. 11 (¢).
FIGS. 20(a), (b), (c), and (d) respectively show an input
voltage Vin, a control voltage Vctrl of the output voltage
controller AMP1, a turn-off reference voltage V ,, of the
adder 210, and a gating signal inputted into the switch. As
shown 1n FIG. 11(c¢), since output voltage V .. -, of the wave-
form generator 60 1s proportional to the mput voltage Vin
when the switch 1s turned on, the turn-oif reference voltage
V ,, of the adder 210 generated by adding the ramp voltage
Vramp to the output voltage V ..o, of the wavelform generator
60 becomes the wavelorm shown 1n FIG. 20(c¢), and since the
turn-oil reference voltage 1s compared with the control volt-
age Vctrl of the output voltage controller AMP1, switch turn-
on time of the gating s1ignal 1s changed depending on the 1nput
voltage. That 1s, since offset voltage 1s increased at the output
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voltage V ,, of the adder 210 and the output voltage V ,, of the
adder 210 meets the control voltage Vctrl of the output volt-
age controller AMP1 earlier as the mput voltage 1s higher,
turn-on time of the switch 1s decreased as shown in FIG.
20(d). In addition, since the offset voltage 1s lowered at the
output voltage V ,, of the adder 210 and the turn-oif reference
voltage V ,, meets the control voltage Vctrl of the output
voltage controller AMP1 later as the input voltage approaches
zero, the turn-on time of the switch 1s extended as shown 1n
FIG. 20(d). Therefore, 1t 1s understood that the turn-on period
of the switch Qsw 1s changed depending on the magnitude of
the input voltage Vin as shown 1n FIG. 20(d). That 1s, the
turn-on period of the switch Qsw 1s long when the mnput
voltage Vin 1s low, and the turn-on period of the switch Qsw
1s short when the input voltage Vin 1s high. Accordingly, when
the input voltage Vin 1s low, the turn-on period of the switch
Qsw 15 extended, and thus the current flowing through the
inductor L1 1s increased, and the input current Iin 1s increased.
Theretfore, distortion of input current occurring around zero
input voltage (zero crossing distortion) can be reduced, and
thus power factor 1s improved.

FIG. 21 shows wavelorms 1n the case where output voltage
V ..o, 0of the wavetorm generator 60 1s a ramp wavetorm
having a slope proportional to input voltage when the switch
1s turned on as shown in FIG. 11 (d). FIGS. 21(a), (), (¢), and
(d) respectively show an mput voltage Vin, a control voltage
Vctrl of the output voltage controller AMP1, a turn-ofl refer-
ence voltageV ,, of the adder 210, and a gating signal inputted
into the switch. As shown 1n FIG. 11(d), since output voltage
V oo 0f the wavelorm generator 60 1s a ramp waveform
having a slope proportional to the input voltage Vin, the
turn-oif reference voltage V ,, generated by adding the ramp
voltage Vramp having a certain slope to the output voltage
V a0 0f the wavelorm generator 60 becomes the wavelorm
shown 1n FIG. 21(¢), and since the turn-oif reference voltage
V o 1s compared with the first control voltage Vctrl of the
output voltage controller AMP1, switch turn-on time of the
gating signal 1s changed depending on the mput voltage.

That 1s, since the slope of the output voltage V ,, of the
adder 210 1s increased and the output voltage V ,, of the adder
210 meets the control voltage Vctrl of the output voltage
controller AMP1 earlier as the mnput voltage 1s higher, turn-on
time of the switch 1s decreased as shown 1n FIG. 21{(d). In
addition, since the slope of the turn-off reference voltage V
1s decreased and the output voltage V ,, of the adder 210
meets the control voltage Vctrl of the output voltage control-
ler AMP1 later as the input voltage approaches zero, the
turn-on time of the switch 1s extended as shown 1n FI1G. 21(d).
Therefore, 1t 1s understood that the turn-on period of the
switch Qsw 1s changed depending on the magnitude of the
input voltage Vin as shown in FIG. 21(d). That 1s, the turn-on
period of the switch Qsw 1s long when the mput voltage Vin
1s low, and the turn-on period of the switch Qsw 1s short when
the mput voltage Vin 1s high. Accordingly, when the input
voltage Vin 1s low, the turn-on period of the switch Qsw 1s
extended, and thus the current flowing through the inductor
L1 1s increased, and the imput current Iin 1s increased. There-
fore, distortion of 1nput current occurring around zero 1nput
voltage (zero crossing distortion) can be reduced, and thus
power factor 1s improved. As shown i FIG. 16, the output
voltageV .., of the waveform generator 60 may be increased
linearly or non-linearly.

FIG. 22 1s a view showing a power factor correction circuit
according to a fourth embodiment of the present invention. As
shown 1n FIG. 22, the power factor correction circuit accord-
ing to the fourth embodiment directly obtains information on
input voltage through the input voltage detection circuit 310
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in order to adjust output voltage V .., of the waveform gen-
erator 60 depending on the input voltage Vin, and modifies
turn-on time of the switch Qsw by adjusting the ramp voltage
Vramp depending on an input sensing voltage Vin_s obtained
as such 1n order to correct distortion of input current.

The input sensing voltage Vin_s obtained from the input
voltage detection circuit 1s inputted into the wavelorm gen-
erator 60, and a turn-oil reference voltage V ,, as shown 1n
FIGS. 19, 20 and 21 1s generated from the adder as described
in the third embodiment. Since the third and fourth embodi-
ments are ditlerent only 1n the method of obtaining informa-
tion on the mput voltage Vin, in which the information 1s
obtained from the second coil voltage V .. (the third
embodiment) or directly obtained by the input voltage detec-
tion circuit 310 (the fourth embodiment), and the other por-
tions are the same, detailed description thereot will be omit-
ted. That 1s, the operation method according to the input
voltage 1s the same as shown in FIGS. 19, 20, and 21 of the
third embodiment.

INDUSTRIAL APPLICABILITY

The present invention can be applied to a power factor
correction circuit for preventing a power loss ivited by reac-
tive power 1n a switching mode power supply. Particularly, in
the case of power factor correction circuits used in the prior
arts, there 1s a problem 1n that distortion occurs 1n an 1mput
current waveform as iput voltage 1s increased, and thus
power factor 1s degraded. However, the power factor correc-
tion circuit according to the present invention can effectively
correct a distortion of input current and contribute to improv-
ing the power factor.

Although the present imnvention has been described with
reference to several preferred embodiments, the description1s
illustrative of the invention and 1s not to be construed as
limiting the 1nvention. Various modifications and variations
may occur to those skilled in the art, without departing from
the scope of the invention as defined by the appended claims.

The mvention claimed 1s:

1. A power factor correction circuit provided with a boost
circuit including a first inductor which 1s electrically con-
nected at a first end thereot to an input terminal and 1s elec-
trically connected at a second end thereot to a switch,

the power factor correction circuit comprising:

a second coil coupled with the first inductor for allowing a
second coil voltage to be induced by the first inductor;
and

a switching control unit for receiving the second coil volt-
age and an output voltage of an output terminal of the
power factor correction circuit, turning on the switch
using the second coil voltage when current flowing
through the first inductor becomes zero from positive,
generating a second control voltage by adjusting a first
control signal corresponding to the output voltage
depending on the second coil voltage when the switch 1s
turned on, and turning off the switch by comparing the
second control voltage with a reference voltage, wherein
the switching control unit comprises:

a 1irst comparator for receiving the second coil voltage,
comparing the second coil voltage with the reference
voltage, and generating a switch turn-on signal when the
second coil voltage becomes lower than the reference
voltage;

an output voltage controller for receiving the output volt-
age of the output terminal and outputting a first control
voltage for controlling the turning off of the switch;
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a control voltage modifier for receving the second coil
voltage and the first control voltage of the output voltage
controller and outputting the second control voltage
whose wavelorm 1s modified using the second coil volt-
age;

a ramp generator for generating a ramp wavelorm voltage;
and

a second comparator for comparing the second control
voltage of the control voltage modifier with the ramp
wavelorm voltage, and generating a switch turn-oil sig-
nal when the ramp wavetorm voltage becomes equal to
the second control voltage.

2. The circuit according to claim 1, wherein the control

voltage modifier comprises:

a wavetorm generator for recerving the second coil voltage
and generating a waveiorm voltage changing depending
on the second coil voltage; and

an adder for receiving the first control voltage of the output
voltage controller and the waveform voltage of the
wavelorm generator and outputting a signal generated
by subtracting the wavetorm voltage from the first con-
trol voltage as the second control voltage.

3. The circuit according to claim 2, wherein the waveform
generator further recerves the first control voltage of the out-
put voltage controller and generates the waveform voltage
changing depending on the second coil voltage and the first
control voltage.

4. A power factor correction circuit provided with a boost
circuit including a first inductor which 1s electrically con-
nected at a first end thereof to an 1input terminal and 1s elec-
trically connected at a second end thereof to a switch,

the power factor correction circuit comprising:

a second coil coupled with the first inductor for allowing a
second coil voltage to be induced by the first inductor;
and

a switching control unit for receiving an mmput sensing
voltage obtained by detecting an input voltage of the
input terminal, the second coil voltage, and an output
voltage of an output terminal of the power factor correc-
tion circuit, turning on the switch using the second coil
voltage when current flowing through the first inductor
becomes zero from positive, generating a second control
voltage by adjusting a first control signal corresponding
to the output voltage depending on the mput sensing
voltage when the switch 1s turned on, and turning off the

switch by comparing the second control voltage with a
reference voltage, wherein the switching control umit
COMpPrises:

a first comparator for recerving the second coil voltage,
comparing the second coil voltage with the reference
voltage, and generating a switch turn-on signal when the
second coil voltage becomes lower than the reference
voltage;

an output voltage controller for recerving the output volt-
age of the output terminal and outputting a first control
voltage for controlling the turming off of the switch;

a control voltage modifier for receiving the input sensing
voltage of the mnput terminal and the first control voltage
of the output voltage controller and outputting the sec-
ond control voltage whose wavetorm 1s modified using
the second coil voltage;

a ramp generator for generating a ramp wavelorm voltage;
and

a second comparator for comparing the second control
voltage of the control voltage modifier with the ramp
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wavelorm voltage, and generating a switch turn-oit sig-
nal when the ramp wavetorm voltage becomes equal to
the second control voltage.

5. The circuit according to claim 4, wherein the control
voltage modifier comprises:

a wavelorm generator for receiving the input sensing volt-
age and generating a wavelorm voltage changing
depending on the input sensing voltage; and

an adder for recerving the first control voltage of the output
voltage controller and the waveform voltage of the
wavelorm generator and outputting a signal generated
by subtracting the waveform voltage from the first con-
trol voltage as the second control voltage.

6. The circuit according to claim 3, wherein the waveform
generator further recerves the first control voltage of the out-
put voltage controller and generates the wavelorm voltage
changing depending on the input sensing voltage and the first
control voltage.

7. A power factor correction circuit provided with a boost
circuit including a first inductor which 1s electrically con-
nected at a first end thereot to an mnput terminal and 1s elec-
trically connected at a second end thereof to a switch,

the power factor correction circuit comprising:

a second coil coupled with the first inductor for allowing a
second coil voltage to be induced by the first inductor;
and

a switching control unit for receiving the second coil volt-
age and an output voltage of an output terminal of the
power factor correction circuit, turning on the switch
using the second coil voltage when current flowing
through the first inductor becomes zero from positive,
generating a turn-oif reference voltage by combining a
wavelorm voltage corresponding to the second coil volt-
age with a reference voltage when the switch 1s turned
on, and controlling the turn-oif of the switch by com-
paring the turn-oif reference voltage with the first con-
trol voltage corresponding to the output voltage,
wherein the switching control unit comprises:

a first comparator for receiving the second coil voltage,
comparing the second coil voltage with the reference
voltage, and generating a switch turn-on signal when the
second coil voltage becomes lower than the reference
voltage;

an output voltage controller for receiving the output volt-
age ol the output terminal and outputting a first control
voltage for controlling the turning off of the switch;

a wavelorm generator for receiving the second coil voltage
and generating a waveiform voltage changing depending
on the second coil voltage;

a ramp generator for generating a ramp waveform voltage
as a reference voltage;

an adder for generating a turn-oil reference voltage by
combining the wavelorm voltage of the wavelorm gen-
erator with the ramp wavelform voltage of the ramp
generator; and

a second comparator for comparing the first control voltage
with the turn-oif reference voltage, and generating a
switch turn-off signal when the first control voltage
becomes equal to the turn-oil reference voltage.

8. The circuit according to claim 7, wherein the waveform
generator further recerves the first control voltage of the out-
put voltage controller and generates the wavelorm voltage
changing depending on the second coil voltage and the first
control voltage.

9. A power factor correction circuit provided with a boost
circuit including a first inductor which 1s electrically con-
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nected at a first end thereof to an 1input terminal and 1s elec-
trically connected at a second end thereof to a switch,

the power factor correction circuit comprising:

a second coil coupled with the first inductor for allowing a
second coil voltage to be induced by the first inductor;
and

a switching control unit for receiving an mput sensing
voltage obtained by detecting an mput voltage of the
input terminal, the second coil voltage, and an output
voltage of an output terminal of the power factor correc-
tion circuit, turning on the switch using the second coil
voltage when current flowing through the first inductor
becomes zero from positive, generating a turn-oif refer-
ence voltage by combining a waveform voltage corre-
sponding to the mput sensing voltage with a reference
voltage when the switch 1s turned on, and controlling the
turn-oif of the switch by comparing the turn-off refer-
ence voltage with the first control voltage corresponding
to the output voltage.

10. The circuit according to claim 9, wherein the switching

control unit comprises:

a first comparator for recerving the second coil voltage,
comparing the second coil voltage with the reference
voltage, and generating a switch turn-on signal when the
second coil voltage becomes lower than the reference
voltage;

an output voltage controller for recetving the output volt-
age of the output terminal and outputting a first control
voltage for controlling the turming oif of the switch;

a wavelorm generator for receiving the input sensing volt-
age and generating a wavelorm voltage changing
depending on the mput sensing voltage;

a ramp generator for generating a ramp waveform voltage
as a reference voltage;

an adder for generating a turn-oif reference voltage by
combining the waveform voltage of the wavetform gen-
crator with the ramp waveform voltage of the ramp
generator; and

a second comparator for comparing the first control voltage
with the turn-off reference voltage, and generating a
switch turn-oif signal when the first control voltage
becomes equal to the turn-oif reference voltage.

11. The circuit according to claim 10, wherein the wave-
form generator further receives the first control voltage of the
output voltage controller and generates the wavetorm voltage
changing depending on the input sensing voltage and the first
control voltage.

12. The circuit according to claim 2, wherein the waveform
generated from the wavelform generator 1s a wavelorm pro-
portional to the input voltage.

13. The circuit according to claim 2, wherein the wavetorm
generated from the waveform generator 1s a wavelorm pro-

portional to the input voltage during a turn-on period of the
switch.

14. The circuit according to claim 2, wherein the waveform
generated from the waveform generator 1s a ramp wavetform
having a slope proportional to the mput voltage during a
turn-on period of the switch.

15. The circuit according to claim 5, wherein the waveform
generated from the wavelform generator 1s a wavelorm pro-
portional to the input voltage.

16. The circuit according to claim 5, wherein the waveform
generated from the wavelform generator 1s a wavelorm pro-
portional to the mput voltage during a turn-on period of the
switch.
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17. The circuit according to claim S, wherein the waveiorm
generated from the waveform generator 1s a ramp wavelorm
having a slope proportional to the mput voltage during a
turn-on period of the switch.

18. The circuit according to claim 7, wherein the waveform
generated from the wavelform generator 1s a wavelorm pro-
portional to the mput voltage.

19. The circuit according to claim 7, wherein the waveform
generated from the wavelform generator 1s a wavelorm pro-
portional to the iput voltage during a turn-on period of the
switch.

20. The circuit according to claim 7, wherein the wavetform
generated from the waveform generator 1s a ramp wavelorm
having a slope proportional to the iput voltage during a
turn-on period of the switch.

10

20

21. The circuit according to claim 10, wherein the wave-
form generated from the waveform generator 1s a waveiform

proportional to the mput voltage.

22. The circuit according to claim 10, wherein the wave-
form generated from the waveform generator 1s a waveiform
proportional to the mput voltage during a turn-on period of
the switch.

23. The circuit according to claim 10, wherein the wave-
form generated from the waveform generator 1s a ramp wave-
form having a slope proportional to the input voltage during a
turn-on period of the switch.
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